Aims: To evaluate in a real-word routine-care practice the effect of liraglutide as add-on treatment in type 2 diabetic patients treated with oral antidiabetic agents and/or insulin. Methods: A retrospective study from 3 outpatient clinics in Copenhagen, Denmark, of all patients (n = 534) initiating treatment with liraglutide. 346 patients were treated ≥3 months. Excluded from analysis were: 107 patients changing from exenatide and 83 due to lack of clinical response or adverse events. Results: In 149 patients liraglutide was add-on to oral antidiabetic agents, most often metformin plus sulfonylurea (n = 86). Mean follow-up: 7.3 ± 3.0 months. HbA1c reduction: 1.3% ± 1.5% (15 ± 16 mmol/mol) from a baseline of 8.7% ± 1.5% (71 ± 16 mmol/mol). Weight reduction: -3.5 ± 4.9 kg from 105.2 ± 21.3 kg. Sulfonylurea treatment was stopped/dose reduced in 57% of these patients. In 114 patients liraglutide was add-on to insulin. Mean follow-up: 7.0 ± 3.1 months. HbA1c reduction: 0.8% ± 1.2% (8 mmol/mol) from a baseline of 8.7% ± 1.5% (71 ± 16 mmol/mol). Weight reduction: -5.1 ± 4.9 kg from 109.2 ± 22.1 kg. Baseline insulin dose of 83 ± 59 U/day was reduced by 28 ± 36 U/day. Insulin therapy could be stopped in 19% of these patients. Conclusions: Effects on HbA1c and weight of liraglutide as add-on to oral antidiabetic agents were not different from results previously published in randomised trials. Adding liraglutide to existing insulin regimens is an attractive treatment strategy in obese type 2 diabetic patients.
Introduction
Liraglutide is a once-daily glucagon-like peptide-1 (GLP-1) receptor agonist indicated for treatment of type 2 diabetes in combination with oral antidiabetic agents [1] . Liraglutide has a half-life of 11 -13-hour offering 24-hour glucose control [2] . Liraglutide was in Denmark already from time of approval widely used "off label" as add-on to insulin to improve glycaemic control and to promote weight loss in obese type 2 diabetic patients. This combination treatment was inspired by the previous clinical experience by adding exenatide twice daily (BID) to insulin treatment in people with type 2 diabetes.
GLP-1 receptor agonists mimic the biological effects of GLP-1 and improve insulin secretion and inhibit glucagon release in a glucose dependent manner, which protect against hypoglycaemia [3] . Furthermore, the GLP-1 receptor agonists delay gastric emptying, especially the short acting exenatide BID, while during treatment with liraglutide this effect seems to wane off after few days of treatment [4] . An important consideration when selecting anti-hyperglycaemic treatment is effect on weight [5] . The GLP-1 receptor agonists also induce weight loss by reducing caloric intake [2] [6] . In the clinical trials with liraglutide the weight loss has on the average been about 2 -4 kilograms (kg), and about one quarter of the patients with the greatest weight loss have lost on the average 6 -7 kg, while one quarter of the patients have not lost weight or even gained weight [7] . The reduction in HbA1c with liraglutide in clinical controlled trials of the LEAD (Liraglutide Effect and Action in Diabetes) programme was 0.8% to 1.5% (9 to 16 mmol/mol) in patients with an average baseline HbA1c of 8.2% to 8.5% (66 to 69 mmol/mol) [2] [8] . In patients with a mean baseline HbA1c of 8.5% and 9.8% (69 and 84 mmol/mol), the mean reduction was 1.4% and 2.3% (15 and 25 mmol/mol), respectively [2] [8] . The reduction in HbA1c was in most studies greater or at least similar to oral antidiabetic drugs and insulin glargine [1] [2] . The side effects of GLP-1 receptor agonists are primarily nausea and in few patients vomiting [2] , which in most patients are mild and transient [2] . In clinical trials less than 5% of patients discontinued GLP-1 receptor treatment because of adverse effects [2] .
Type 2 diabetes is associated with overweight and is characterized by a complex pathophysiology and with gradual deterioration of glycaemic control over time because of deteriorating beta-cell function [9] . The treatment strategy includes the sequential addition of oral antidiabetic agents, and insulin therapy is frequently required to control hyperglycaemia [10] . This is typically achieved by adding basal insulin or premix insulin, often in combination with metformin, since studies have demonstrated both less weight gain and dose of insulin when the two agents are used together [10] [11] . Insulin treatment is associated with risk of hypoglycaemia [10] , and despite intensification of insulin regimens, a substantial proportion of the patients are unable to achieve the glycaemic target [12] [13] . The GLP-1 receptor agonists have complementary effects on glucose control compared with insulin, and side effects of insulin treatment as hypoglycaemia and weight gain might be mitigated in combination with a GLP-1 receptor agonist [14] . Recently the use of exenatide twice daily as add on to insulin glargine and addition of insulin detemir to liraglutide was approved by the Food and Drug administration (FDA) and European Medicines Agency (EMA). The once daily short acting GLP-1 receptor agonist lixisenatide was approved by EMA in 2013, which also includes use in combination with basal insulin.
Very few studies have investigated the use of the GLP-1 receptor agonist liraglutide during real life in routine clinical practice. In the present study the efficacy of liraglutide from time of approval was investigated in consecutive patients starting liraglutide OD in three academic outpatient clinics.
Material and Methods
Three outpatient clinics in Copenhagen, Denmark, participated in the study. By use of clinical databases all patients with type 2 diabetes, who had started treatment with liraglutide were identified. Information about age, sex, weight, height, body mass index and HbA1c was collected. In patients, who had stopped treatment with liraglutide the reasons were outlined. The endpoints HbA1c, weight and BMI are only reported for patients followed for at least 3 months during treatment with liraglutide. Patients, who had changed from exenatide BID to liraglutideOD were excluded from the analyses.
Treatment decisions were made by the individual physician, who had no prespecified treatment protocols for initiating treatment with liraglutide.
Statistics
Microsoft Office Excel (2010) was used for statistical analyses. Data were tested for normality and parametric statistics used. Data are means ± SD (standard deviation) if not otherwise stated. Changes in variables from baseline to follow up date were evaluated with paired t test. Pearson's correlation coefficient was used to determine correlation between change in weight and change in HbA1c and change in weight and change in total daily insulin dose.
Results

Attrition
A total of 534 patients treated with liraglutide OD were included in the study. Patients treated with exenatide (n = 107) and changed to liraglutide were excluded from the analysis. We report data from patients with a minimum treatment duration of 3 months (n = 346). In 83 patients liraglutide treatment was stopped due to adverse reactions or lack of clinical effect, and is omitted from the analyses. Baseline characteristics of patients treated with liraglutide (n = 263) were: age 57 (range: 29 -84 years), body weight 106.9 ± 21.7 kg, BMI 35.4 ± 6.4 kg/m 2 , HbA1c 8.7% ± 1.5 % (71 ± 16 mmol/mol) and diabetes duration was 7.0 years (range 0.1 -30.5 years).
Liraglutide as Add-on to Oral Antidiabetic Agents (Table 1)
One hundred and forty-nine patients (91 men) were treated with a combination of oral antidiabetic agents and liraglutide. Baseline age was 56 ± 10.4 years, and diabetes duration 7.3 ± 6.0 years. Before start of liraglutide 138 patients were treated with metformin with a median dose of 2000 mg (range 1000 -3000 mg), 86 patients with metformin and sulfonylurea (SU), eight patients with SU as mono-therapy, and 16 patients with a combination of metformin, SU and a dipeptidyl peptidase-IV (DPP-IV) inhibitor, which was stopped, when liraglutide OD treatment was inititated. Five patients were treated with rosiglitazone and one with repaglinide. Mean follow up period was 7.3 ± 3.0 months with a maximum of 15 months. HbA1c before initiation of liraglutide was 8.7% ± 1.5% (71 ± 16 mmol/mol) ranging from 5.0% to13.5% (31 to 124 mmol/mol). Liraglutide treatment resulted in a 1.3% ± 1.5% (15 ± 16 mmol/mol) reduction in HbA1c (P < 0.001), and 43% (n = 64) of patients achieving HbA1c ≤ 7.0% (53 mmol/mol). Thirty-seven patients (25%) reached HbA1c ≤ 6.5% (48 mmol/mol). Mean weight reduction was -3.5 ± 4.1 kg from 105.2 ± 21.3 kg (P < 0.001). Divided into weight response quartiles mean weight changes were -8.9 ± 2.7 kg, -4.3 ± 0.7 kg, -1.8 ± 0.8 kg and 1.3 ± 1.9 kg. Body mass index was reduced with -1.1 ± 1.7 kg/m 2 from a baseline BMI of 34.8 ± 6.4 kg/m 2 . Median liraglutide dose was 1.2 mg OD, range 0.6 mg -2.4 mg. Most patients were treated with 1.2 mg (79%) and 19% with 1.8 mg liraglutide. In the groups treated with liraglutide 1.2 mg and 1.8 mg the reduction in HbA1c and weight did not differ significantly.
In patients treated with SU at baseline (n = 94, mainly glimepiride (n = 69)), 35 patients continued therapy with no dose adjustment, however in 22 patients SU treatment was stopped. In 31 patients the SU dosage could be reduced with between -33% to -75%. In four patients SU dosage were increased during the follow-up period, and in one patient dose of SU was unknown. In patients with duration of diabetes <10 years compared to >10 years, the reduction in HbA1c and weight loss did not differ. (Table 1) Liraglutide was add-on to insulin in 114 patients (67 men) with an average age of 59 ± 10.4 years and a median duration of diabetes of 9.8 years, (range 0 -30 years), where 99 patients at the same time were treated with metformin with a median dose of 2000 mg (range 500 -3000 mg). Fifteen patients were treated with a SU, predominantly glimipiride with a median dose of 4 mg (range 2 -6 mg). Treatment with a DPP-4 inhibitor was stopped in all patients before initiation of treatment with liraglutide. Patients were treated with insulin premix (n = 39), insulin glargine (n = 32), intermediate acting NPH insulin (n = 15), combination of glargine and insulin aspart (n = 12) and five patients were treated with insulin detemir. The rest of the patients were treated with various combinations of the mentioned insulins and rapid acting human insulin.
Liraglutide as Add-on to Insulin
Mean follow up was 7.0 ± 3.1 months with a maximum of 15 months. Baseline mean HbA1c before initiating treatment with liraglutide was 8.7% ± 1.5% (71 ± 16 mmol/mol), ranging from 6% to 13.4% (42 to 123 mmol/mol). Addition of liraglutide to insulin therapy resulted in a 0.8% ± 1.2 % (8 ± 13 mmol/mol) reduction in HbA1c (p < 0.001). Before start of liraglutide treatment 12% of the patients had a HbA1c ≤ 7.0% (53 mmol/mol), and 30% achieved a HbA1c ≤ 7.0% (53 mmol/mol) during treatment with liraglutide, and 12% a HbA1c ≤ 6.5% (48 mmol/mol).
The mean body mass index was 36.5 ± 6.4 kg/m 2 and was reduced by 1.7 ± 1.8 kg/m 2 (p < 0.001). Mean weight loss was 5.1 ± 4.9 kg from 109.2 ± 22.1 kg (p < 0.001), corresponding to a mean reduction of 4.8% ± 4.6% of baseline weight. The mean weight loss in the quartiles with the greatest weight change was -11.5 ± 3.0 kg, and -6.4 ± 0.8 kg, -3.4 ± 1.0 kg and 0.9 ± 1.8 kg. The reduction in weight was not correlated with the reduction in HbA1c.
Median liraglutide dose was 1.2 mg OD (range 0.6 -2.4 mg), and 61% (n = 69) were treated with 1.2 mg and 32% (n = 37) with 1.8 mg. The reduction in HbA1c and in weight did not differ between patients treated with 1.2 mg versus 1.8 mg.
Insulin dose at baseline was 83 ± 59 U/day, (range 8 -300 U/day). During treatment with liraglutide the mean reduction in insulin dose was 28.1 ± 36 U/day (range 8 -160 IU/day), and insulin treatment was stopped in 19% (n = 22) of the patients. The mean reduction in dose of insulin in the 1.8 mg group was slightly larger than in the 1.2 mg, but not significantly (p < 0.09). We found a significant (p = 0.05) and positive correlation (r = 0.38) between reduction in daily dose of insulin and weight loss, but no significant correlation between duration of diabetes and weight loss or reduction in dose of insulin.
In the 22 patients in whom insulin treatment could be stopped, the median liraglutide dose was 1.2 mg OD (range 1.2 -1.8 mg). In one patient the dose was unknown. The mean age was 57.5 ± 13.1 years, and median diabetes duration of 6.8 years (range 0 -30 years). The follow-up was 8.1 ± 3.2 months (range 3 -12 months), and baseline HbA1c was 7.6% ± 1.0% (60 ± 10 mmol/mol), with a reduction in HbA1c of 0.4% ± 1.0% (4 ± 10 mmol/mol), and in weight of 6.2 ± 5.6 kg, from a baseline weight of 102.8 ± 24.5 kg, range 75 -155 kg. Baseline insulin dose was 43 ± 31 U/day, ranging from 12 to 160 U/day. In four patients insulin therapy had to be initiated during the observation period. In two patients (SU) treatment could be ended as well, and in 3 patients SU treatment had to be initiated.
Adverse Events
A total of 83 patients stopped treatment with liraglutide in the follow-up period. In 21 patients liraglutide was stopped due to lack of clinical significant effect on HbA1c or weight or failure to reduce amount of insulin. Most patients (n = 34) stopped liraglutide treatment due to gastrointestinal (GI) side effects. Thus, 20 patients experienced nausea, 10 patients diarrhea, eight patients had vomiting, six abdominal pains, two patients constipation, one patients dyspepsia and five patients unspecified GI side effects. Twenty patients stopped liraglutide treatment due to other adverse events or causes including headache, tooth pain, discomfort, dizziness and fatigue. Two patients stopped liraglutide treatment after bariatric surgery and one due to pregnancy. Only one patient stopped liraglutide treatment because of hypoglycaemia. Eleven patients experienced more than one side effect. No cases of pancreatitis were diagnosed, but 3 patients were diagnosed with cancer in the follow up period, and liraglutide treatment terminated: two cases of esophagus cancer and one case of metastases to the liver with unknown primary tumor at time of follow-up. In seven patients the cause of stopping treatment could not be identified.
Discussion
While GLP-1 receptor agonists have been studied in clinical trials, reports on their efficacy in real world clinical practice are limited. In the present audit 346 patients, who had been followed for more than three months, liraglutide was added on to oral antidiabetic agents in 149 patients, resulting in a mean reduction of HbA1c of 1.3% (15 mmol/mol) from a baseline level of 8.7% (71 mmol/mol), despite SU were stopped in 54 patients, and 43% of patients achieved HbA1c ≤ 7.0% (53 mmol/mol). Mean weight reduction was 3.5 kg. Surprisingly, liraglutide was from time of approval used off label as add-on to insulin in 114 patients with a mean baseline HbA1c of 8.7% (71 mmol/mol). The reduction in HbA1c was 0.8% (8 mmol/mol) in spite of a reduction in baseline dose of insulin of 83 U/day with 28 U/day. Insulin treatment could be stopped in 19% of the patients. Weight loss was on the average 5.1 kg after a mean follow-up of 7 months. We did not find any correlation between duration of diabetes and weight loss or HbA1c reduction in the two groups. In the insulin treated patients a positive correlation between weight loss and reduction in dose of insulin was demonstrated. Eighty-three patients stopped treatment with liraglutide because of side effects or due to lack of a clinical significant effect on HbA1c or weight. The majority of side effects in these patients was gastrointestinal adverse effects, which is the events reported most frequently in clinical trials [1] [2] . Today, our experience is, that gastrointestinal side effects can be minimized by use of a slower up-titration with less doses of liraglutide than suggested by the pharmaceutical company. The efficacy of liraglutide in relation to HbA1c and weight loss in the group treated with oral antidiabetic drugs is quite similar to the results from the LEAD studies [1] [2] . In the LEAD studies liraglutide was evaluated in monotherapy or in combination with one or two oral antidiabetic agents [2] . The mean age was about 52 to 58 years, mean duration of diabetes 5.2 to 9.7 years, body mass index 29.4 to 33.9 kg/m 2 and basal HbA1c 8.1% to 8.6% [2] . Most studies were of 26 weeks duration except LEAD 3, which has a duration of 52 weeks [2] . The absolute reduction on HbA1c was from 1.2% to 1.5%, with the greatest reduction with 1.8 mg compared with 1.2 mg of liraglutide except for the LEAD 2 study, where liraglutide was add-on to metformin [2] . In the LEAD 2 study the reduction in HbA1c did not differ in patients treated with 1.2 mg vs. 1.8 mg of liraglutide. In LEAD 5, where liraglutide 1.8 mg was added to metformin plus sulfonylurea, as in most patients in the present study, the HbA1c reduction was 1.3% [2] . The weight loss in the LEAD studies was dose-dependent, and the mean weight loss ranges from no weight loss with 1.2 mg in LEAD 1 (add-on to glimepiride) to around 3 kg in LEAD 6 [2] . On the average the weight loss was about 2 -3 kg and greater in people with a higher body mass [2] . Noteworthy, the majority of the patients in the present study were treated with 1.2 mg liraglutide daily. Our patients were more obese than in the LEAD studies, and the mean weight loss seems to be greater than in most studies in the LEAD program, although as in the LEAD studies one quarter of the patients did not lose weight [1] [2] The weight loss in the present study may in part also be explained by the large number of patients, who reduced or terminated treatment with SU.
The reduction in weight was even greater when liraglutide was used as add-on to insulin treatment, probably explained by the combined action of liraglutide per se on appetite and the reduction in daily dose of insulin. One quarter of the patients lost approximately 11 kg in body weight and about 20% of the patients could stop insulin treatment. We found some correlation between weight loss and reduction in daily insulin dose.
In a recent study from Wales, UK, 256 type 2 diabetic patients started treatment with liraglutide in routine clinical practice [15] . After a median follow-up of 48 weeks the reduction in HbA1c was 1.22% (13 mmol/mol) and in weight 3.9 kg [15] . Similar results was reported from three outpatients clinics in North-East Italy, where 166 type 2 diabetic patients initiated treatment with liraglutide and followed for 9.4 months [16] . The reduction in HbA1c was 1.5% (16 mmol/mol) and in weight 4.0 kg. Most patients (74%) both lost weight and reduced HbA1c [16] . In the nationwide audit conducted by the Association of British Clinical Diabetologists (ABCD) adding exenatide BID to insulin resulted in a 0.5% (6 mmol/mol) reduction in HbA1c and a weight loss of 5.8 kg, while insulin dose was reduced from 120 U/day to 78 U/day after more than 6 months follow-up [17] . Several other studies where exenatide BID was used as add-on to insulin reported beneficial effects on both HbA1c and weight [18] - [25] . In general, the titration schemes of insulin in the different studies are unknown, and all studies are without a control group. In some of the studies with the largest reduction in weight also reported significant reduction in total insulin dose, and especially in postprandial insulin dose [18] - [25] . Collectively, the studies aiming primary to improve glycaemic control with no or minimal down-titration of insulin demonstrated the least weight loss when exenatide BID was added to insulin therapy, while studies focusing on insulin sparing tended to show greater weight loss and more modest glycaemic benefits [18] - [25] .
Buse et al. conducted the first double-blind clinical trial adding exenatide BID to insulin glargine in obese people with advanced type 2 diabetes with a mean duration of diabetes of 12 years and a baseline HbA1c of 8.4% (68 mmol/mol) [14] . After 30 weeks of treatment with exenatide or placebo, the exenatide group obtained a decrease of -1.7% (19 mmol/mol) in HbA1c and -1.8 kg in weight, compared to a reduction of -1.0% (11 mmol/mol) in HbA1c and a weight gain of 0.96 kg in the placebo group. The decrease in fasting plasma glucose was similar for both groups, morning and evening postprandial plasma glucose, however, was lower in the exenatide group. The increase in insulin doses was 13 U/day vs. 20 U/day, respectively. The risk of hypoglycaemia did not differ between the two groups. The modest decrease in weight in the exenatide group may be explained by the up-titration of the dose of insulin to optimize glycaemic control [14] . Recently, Riddle et al. added the short acting once-daily GLP-1 receptor agonist lixisenatide to basal insulin and demonstrated a placebo corrected reduction in HbA1c of 0.4% (4 mmol/mol), a weight loss of -1.3 kg and a reduction in daily dose of insulin of 3.7 U/day after 24 weeks of treatment [26] . The results may indicate, that the short acting GLP-1 receptor agonists (exenatide and lixisenatide) need to be administered twice daily to optimize their potential for improving glycaemic control and weight loss in combination with insulin treatment. A limitation of the present study is that it is a retrospective analysis and the lack of a control group. We did not have a specific algorithm for introducing liraglutide treatment to insulin treated patients, it was up to the treating physicians clinical judgement. Another limitation is that the occurrence of hypoglycaemia was not registered, which could be a potential problem when combining a GLP-1 receptor agonist with insulin. Neither did we quantify the amount of patients with poor compliance, which ultimately could lead to underestimation of the effect of liragutide. The patients who stopped treatment with liraglutide were not included in the analyses of the effect of liraglutide on HbA1c and weight, why the beneficial effect of liraglutide is overestimated. Nevertheless, our analyses demonstrate the utility of liraglutide in routine practice from time of approval, and contribute to the evaluation of the positioning of liraglutide in the type 2 diabetes treatment algorithm.
Conclusion
Liraglutide is indicated for treatment of hyperglycemia in type 2 diabetic patients on oral antidiabetic medication. This will in the majority of patients induce weight loss and a reduction in HbA1c. Most frequent adverse event leading to discontinuation of liraglutide treatment was gastrointestinal symptoms. Liraglutide was used off-label in combination with insulin. This combination has several potential advantages, including decreased exogenous insulin requirement, weight loss in most patients and improved glycaemic control.
